Four years ago a Table was shown in which the sensitivity of the Fleurs Synthesis Telescope (F.S.T.) was compared with that of three other radiotelescopes of similar resolving power (Christiansen 1972) . At that time the high sensitivities quoted for the F.S.T., like those for all but one of the comparison telescopes were only theoretical since only the eastwest array of the F.S.T. was in operation and low noise r.f. amplifiers had not been installed. Now the telescope is in operation with characteristics close to those given in the Table quoted . Sources are mapped separately with the eastwest and north-south arrays and the two maps are combined. The combination produces maps with a resolution that is approximately the same in declination and right ascension. This is unique amongst existing rotational synthesis telescopes. Some of these maps will be shown in papers now in preparation.
While observations are being made with the existing F.S.T. the Telescope is being extended to give better resolution. At the time of writing, construction of four new 13.7m diam. paraboloids is almost complete and the necessarily slow process of putting these into use will commence this year. A decision on what are the most suitable positions for the new 13.7m paraboloids was made on the basis of a number of limiting considerations. The chief of these is that the antennas have to be placed on someone else's land and that possible extensions lie on land that is not level and in one direction at least is covered by water. Another limitation is that the level of financing is such that the extensions must be made in stages and it is obviously desirable that useful astronomical observations should be possible during each stage of the protracted programme of extension.
The placement of the four new paraboloids is as shown in Figure 1 .
The first of the new antennas to be brought into use will be the two closer ones on the western end of the east-west
UV Plane
Coverage DEC -4 5° Figure 2 . The u-v plane coverage of the telescope. The black central portion represents the existing (40-50) arc sec resolution) system, the shaded section is the additional coverage produced by the three inner new paraboloids and the series of elliptical lines shows the contribution of the outer western paraboloid.
array. They will be followed by the new southern antenna. The effect of these is shown in Figure 2 . At -45° declination the synthesized beam will be about 20" arc by 28" arc (a x 6) which is similar to that of the Westerbork telescope at the same wavelength (21cm).
Finally the fourth antenna at Badgery's Creek will be brought into use. This with the existing antennas makes a grating array with a synthesized beam-width of 8" arc and grating lobes at a distance of about 2' arc. It will be useful for high resolution observations of small sources, i.e. sources less than about 3' arc in diameter.
During the extension we hope to develop a new digital receiving system which will simplify our problem of providing the many large time-delays required when we extend the telescope to a diameter of more than 3.5 km. Christiansen, W. N.,Proc. Astron. Soc, 2, 132, (1972 
Introduction
Fabry-Perot instruments have been extensively used for many years for the study of spatially extended emission nebulae because they offer a potential luminosity resolution attainable by aerating spectrometer. Meaburn (1970) shows that this product is given by the relation
where P is the number of resolution elements each containing a maximum solid angle, £2 observed simultaneously, ti is the refractive index of the medium between the plates, A is the acceptance area of the device, e 0 is the transmission coefficient of the associated optics and e F the transmission coefficient of the Fabry-Perot (which if coated with dielectric multilayers can be very high). Generally, instruments have been devised for one mode of operation, either photoelectric single fringe pressurescanned arrangements (e.g. Flynn and Ring 1965; Cruvellier 1967; Meaburn and Smith 1968) or else photographic systems (Courtes 1960 (Courtes , 1966 Shcheglov 1963 Shcheglov ,1968 . For these latter systems, two optical arrangements have been used. In the 'classical' system, the light coming from the focal plane of the telescope is first collimated, passed through the Fabry-Perot and refocussed onto the detector. This produces a system of interference rings which lie in the same plane as the image. This makes detailed reduction difficult as the radial velocity profile of the emission line is confused by variations in the nebular brightness. In the second system, the 'non-classical' or telecentric arrangement, each ray core from the telescope is made to have its axis parallel to the optic axis of the system and the Fabry-Perot is placed at, or very near, the focal plane. Thus the system of interference rings and the image lie in the other transform plane and so either the ring system can be focussed https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1323358000014545
onto the detector (Courtes 1966; Meaburn 1975) or else an image of the object in some narrow wavelength interval can be made (Scheglov 1968) . A further advantage of the nonclassical system is that, provided the response characteristics of the Fabry-Perot do not vary across its surface, the cones of light corresponding to each picture element are treated by the instrument in the same way so the same instrumental function applies across the whole field of view. For these and other reasons, the telecentric configuration was adopted for the multi-mode design described here and to be used at Mount Stromlo and Siding Spring Observatory.
The Instrument Figure 1 shows the detailed mechanical design of the wave processor assembly that we have called module (1). Note the features which enable optical components to be rapidly removed or interchanged, by merely removing three screws. This will enable the observer to rapidly convert the mode of operation between the various options shown in figure 2 A-E.
To summarise the characteristics of the various modes: (A) A single fringe pressure scanned photoelectric instrument which can be used for measuring, to measure emission line profiles and/or polarisation within emission lines. The 3 in. aperture Fabry-Perot will have a working resolution of 37500 at an order of 1840 and the defect, reflection and aperture finesses will be 35, 50 and 28 respectively. This will give a resolution of 8 km sec" 1 at Hj3 or [OIII] 5007A, the operating wavelengths. The maximum field, 8, is related to the aperture of the telescope used, a, by the relation
so a field of 4 arc min will be attainable on a 30 in. telescope.
(B) An ultra-narrow band pass imaging device. The effective speed of the system is f/7 and the field and resolution are as above. The device can be used either to give photographs of emission objects in an 8 km sec" 1 waveband (0.13A) or to give direct filter photographs or to give large scale photographs of distribution of polarisation in emission or continuum sources. This mode will be used to study detailed dynamics of planetary nebulae, HII regions, supernovae or HII regions in external galaxies.
Cosmic rays produce a component of photomultiplier noise which often dominates the high amplitude region of the noise pulse height spectrum and which is not reduced by cooling the tube. The source of the noise is Cerenkov radiation produced by individual high energy cosmic rays in their passage through the glass envelope of the tube, principally in the glass faceplate on which the photocathode is deposited.
Young (1966) has discussed this effect in a semiquantitative way by considering a simple model giving the net effect of all incident cosmic rays integrated over the period of observation. His model did not include detailed consideration of the passage of Cerenkov photons to the photocathode. This is important since photons which are reflected internally at the front face of the tube make a large contribution, which is difficult to estimate. In this paper we discuss the properties of the cosmic ray noise spectrum as a function of tube orientation for photomultipliers used at sea level. The results should be broadly applicable to any ground based situation.
The flux of Cerenkov light from cosmic rays is proportional to track length, the light is radially polarised and is emitted in a well-defined cone about the particle momentum vector. The half-angle of the cone is roughly 48° for typical photomultiplier material. Thus the cosmic ray induced noise pulse amplitude distribution is a function of tube orientation for two reasons. Firstly, the pulse amplitudes observed depend on the total thickness of glass crossed by the cosmic rays. Secondly, the amount of light reaching the photocathode depends on the precise path taken by each individual photon and its polarisation.
In a previous paper (submitted elsewhere) we have considered both experimentally and theoretically the noise pulse amplitude per unit cosmic ray track length for all orientations with respect to the photocathode. Edge effects were ignored, implying a photocathode faceplate with a large ratio of diameter to thickness (typically this ratio is in the range of 5:1 to 20:1). The main features of the amplitude angular distribution are a broad maximum from 0° to about 60° with a fall in amplitude to about 40% of the maximum at roughly 120°, followed by a slow increase until 170° is reached. Above 170° a rapid rise ensues to a narrow maximum at 180° of the same amplitude as the broad primary maximum. We defined angles such that an orientation of 0° had the particles incident normally to the faceplate from in front of the tube. For the present purposes 0° refers to a horizontal photocathode plane with face-plate uppermost, i.e. the tube is facing vertically upwards at 0°.
Theory
The results of the calculation discussed in the previous section are not immediately useful for most experiments. Usually, arrival directions and impact points of the cosmic ray particles are unknown. In general, one merely observes a pulse height spectrum resulting from a long-term integration over all possible directions of incidence and impact points.
Unaccompanied cosmic rays observed at sea level have a zenith angle dependence which is roughtly proportional to cos 2 0 per unit solid angle (Young 1966) . We have considered all tube orientations in 5° intervals between 0° and 180° and examined the spectrum of pulse heights which would be observed due to a time average of all (3 dimensional) possible particle arrival directions between 0° and 90° to the vertical both with a cos 2 8 and a cos 3 9 probability distribution assuming a uniform azimuthal distribution. For any given tube orientation and particle direction of incidence (Zenith angle and azimuthal angle) we calculate the angle of incidence of the particle on the tube face and look up the expected pulse height per unit track length from our previous calculations. In addition, we decide on a 'Monte Carlo' basis whether or not a particular cosmic ray would have passed through the tube. If so, a Monte Carlo decision is made on its track length in the face on the basis of a circular tube face with a ratio of diameter to thickness of 10:1, a reasonable average for commercial tubes. The pulse height for a uniform photocathode is then calculated. Since Cerenkov light from a single particle will interact with only a limited region of photocathode, and photocathode sensitivity can vary markedly over the area of the tube face, a selection is then made from the distribution of pulse heights observed in this series of experiments for the RCA 8054 tube at 0° (the distribution is similar to one we have measured with light shone on to randomly selected small areas of the photocathode of an EMI 9623B). The distribution is normalized
